Enzymatic O-Glycosylation of Etoposide Aglycone by Exploration of the Substrate Promiscuity for Glycosyltransferases.
The 4-O-β-d-glucopyranoside of DMEP ((-)-4'-desmethylepipodophyllotoxin) (GDMEP), a natural product from Podophyllum hexandrum, is the direct precursor to the topoisomerase inhibitor etoposide, used in dozens of chemotherapy regimens for various malignancies. The biosynthesis pathway for DMEP has been completed, while the enzyme for biosynthesizing GDMEP is still unclear. Here, we report the enzymatic O-glycosylation of DMEP with 53% conversion by exploring the substrate promiscuity and entrances of glycosyltransferases. Notably, we found 6 essential amino acid residues surrounding the putative substrate entrances exposed to the protein surface in UGT78D2, CsUGT78D2, and CsUGT78D2-like, and these residues may determine substrate specificity and high O-glycosylation activity toward DMEP. Our results provide an effective route for one-step synthesis of GDMEP. Identification of the key residues and entrances of glycosyltransferases will promote precise identification of glycosyltransferase biocatalysts for novel substrates and provide a rational basis for glycosyltransferase engineering.